The effects of extrusion, hydrothermal processing and enzyme pretreatment of soybean meals (SBM) and rapeseed meals (RSM) and the multienzyme supplementation of diets on nutrient digestibility, protein utilization and performance were investigated in growing pigs. The study was comprised of two separate total-collection digestibility and balance trials with 6x6 Latin square designs and a production trial with 140 growing pigs. The processes employed had only minor effects on the chemical composition of the treated oilseed meals. Extrusion and addition of enzyme premix improved the organic matter (OM) and protein (CP) digestibilities of SBM (P<0.05). These processes also tended to have a positive effect on the nitrogen retention and protein utilization in the pigs. The hydrothermal process had no effect on the nutritive value of SBM, but improved the OM and CP digestibility in RSM (Pc0.05). Energy values of the treated SBM and RSM tended to increase compared with the untreated meals. There were no significant differences in growth rate, feed conversion or carcase quality between pigs fed diets supplemented with differently treated SBM, relative to untreated control. Partial hydrolysis of the polysaccharides present in SBM and RSM with hydrothermal or enzymatic processing may have resulted in the release of intracellular nutrients in the intestine and improved their absorption and utilization. More consistent responses to these thermal and enzymatic treatments could be expected with younger pigs with less microbial activity in the alimentary canal.
Introduction
Protein supplementation in pig diets is mainly based on oilseed meals while the use of fish meal is avoided due to its negative effects on meat quality. Proper processing is of great importance in order to ensure the nutritional value of soybean meal (SBM) and rape seed meal (RSM) for pig diets. Heat treatment is necessary to inactivate antinutritional factors present in oilseeds. In soybeans those factors are primarily protease inhibitors and in 465 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND rape seeds glucosinolates, tannins, myrosinase, rapeseed gums and phytic acid. Other processing methods can also enhance the nutritive value of these oil seed meals as an ingredient in pig diets.
Heat treatment and hydrothermal processing rupture the cell wall matrix and modify the chemical structure of plant constituents.
These processes render nutrients more susceptible to enzyme degradation in the small intestine, thus improving the digestibility and utilization, especially of amino acids. The content of structural polysaccharides in the soybean is rather low compared with rapeseed, and is mostly present in the hulls, which compose only 7°7o of the soybean. The hull fraction in RSM comprises 25-28°7o of the dry matter.
The different types of polysaccharides in defatted SBM hulls are galactomannans (9 -11 %), acidic polysaccharides (10 -12 %), xylan hemicellulose (9 -10 %) and cellulose (40 %) (Aspinall et al. 1967) . The lignin content is low in soybean hulls (1.3 %), while in rapeseed hulls it is 28.9 % (Mitaru et al. 1984) . Polysaccharides compose 26 % of hulled SBM and the major components are arabino-galactan and acidic polysaccharides belonging to the pectic group of substances (Aspinall et al. 1967 ). The polysaccharides present in the greatest amounts in dehulled rapeseed are pectins (14.5 %), cellulose residues (7 %), and fuco-amyloid, arabinan and arabinogalactan (together 5 to 6°7o) (Bell 1984) . Insoluble fibre tends to increase passage rate and to form an insulating coat on the digestible nutrients, thus reducing the nutrient supply. Soluble fibres slow down the transit time, but their gelling, ion-exchange and absorbing characteristics retard digestion and absorption. The cellulolytic or hemicellulolytic enzymes are potent agents of degradation of poorly digestible or viscous polysaccharides and thus a dietary addition of suitable enzymes (cellulase, 3-glucanase, xylanase, mannase and pectinase) may be of practical importance in improving the feeding value of some low-energy feed components for monogastrics. Enzyme supplementation could also be used to break down anti-nutritional substances found in feed raw materials, thus augmenting the digestive capacity of the animal, improving availability of the nutrients in the feed, and increasing release of nutrients in the upper part of the gastrointestinal tract (Chesson 1987 , Dierick 1989 .
In dry feeding systems, enzymes can be added directly to the complete feed or used in the pretreatment of feeds and feed raw materials. With the former application, the supplementary enzymes will act in the gastrointestinal tract of the pigs. In pretreatment, the enzymes act on specific poorly-digestible substances in the raw material, thus improving its feed value. In wet feeding systems, enzymes can be added directly, and during the soaking they will break down poorly digestible substances. The enzyme mixtures, their composition and the level of activity used depend on the feed composition and the enzymes' stability under feed-processing conditions.
The objective of this study was to elucidate the effect of thermal processing and addition of enzymes or enzymatic pretreatment on the nutritive value of soybean meals. In one of the experiments, rapeseed meals also were processed in the same way as SBM. In addition, a growth trial was performed to investigate the effect of soybean processing and enzyme supplementation on the performance of the pigs. Preliminary results of the present study have been published previously by Nasi (1988) .
Materials and methods
The animal response to physical and enzymatic treatments of soybean meal and rapeseed meal was evaluated in two digestibility and balance trials and in one performance trial with growing pigs.
The treatments of the soybean meals used in Exp. I. were: 1.) normal solvent-extracted SBM, 2.) SBM extruded with a single-screw extruder, exit temperature ca. 100°C, 3) heattreated, low-degradable SBM for ruminants (Opex-process, Oljynpuristamo Oy, Helsinki), 4.) treatment with multienzyme premix (cellulase, protease and P-glucanase, Suomen Rehu Oy, Helsinki) addition of 0.1 %, in dry solvent-extracted SBM diet, 5.) multienzyme premix added at the level of 0.1 % to a wet SBM diet 8 hours before feeding and 6.) SBM conditioned at 60°C and 30 % moisture content, sprayed with enzyme premix 2 h prior to drying. The chemical composition of the experimental feeds is shown in Table 1 .
The treatments of the SBM's and RSM's in Exp. 11. were: 1.) normal SBM, 2.) SBM conditioned at 60°C and at 30 % moisture for 30 min followed by drying, 3.) SBM treated as above (2.) followed by addition of 0.1% enzyme (Multienzyme premix, containing cellulase and protease-activities, Suomen Rehu Oy, Helsinki), which was allowed to act for 30 min prior to drying, 4.) normal RSM, 5.) RSM treated as SBM in 2.), and 6.) RSM treated as SBM in 3), but with an enzyme premix including xylanase and cellobiase as well. The chemical composition of the experimental feeds is presented in Table 2 .
In the first digestibility and balance trial, the variously processed SBM's were used as protein supplements in six isonitrogenous, 150 g crude protein (CP)/kg, barley-based diets. The supplements were fed to growing pigs (30-75 kg) at the inclusion level of 165 -lB5 g/kg diet. In the second experiment, three processed SBM's and three RSM's were used as protein supplements in barley-based diets (160 g CP/kg diet). SBM supplementation was 122-129 g/kg diet and that of RSM 185-209 g/kg. Both experiments had a 6 x 6 Latin square design. The basal diet was evaluated separately. Each period was comprised of 6 days of adjustment and 6 days of faeces and urine total collection. Assay procedures were similar to those reported by Nasi (1984) . The various SBM's were also evaluated in a performance trial, in which the four diets used had processed SBM as the sole protein supplement. SBM supplementation was 170 g and the diets contained 130 g DCP and 8.7 g lysine per kg feed. As a positive control diet a mixture was used in which the protein supplement was 120 g SBM and in addition 40 g/kg fishmeal (140 g DCP and 9.7 g/kg lysine). Pure lysine and methionine were added to adjust the amino acid levels in the rations. The composition of the feeds and their nutrient contents are given in Table 3 . The ex- weight between the groups kept as small as possible. The pigs were weighed every two weeks and and the feed consumption was determined for each pen. Feeding was made according to the weight-based schedule of Salo et al. (1982) . The individual pigs were slaughtered at an average weight of 100kg, at which time the carcase weight was recorded and the carcase classified.
Results and discussion
Only small differences were found in the proximate composition of the processed SBM's. Enzyme-treated SBM had slightly lower crude fibre, NDF and ADF than normal or extruded SBM. However the differences were quite small. The different SBM's were similar in their amino acid composition except that the SBM treated for ruminants had a lower lysine and available lysine content. Small reductions in lysine were also evident in other processed SBM's (Table 1) . Excessive heat treatment during processing can lead to the destruction of amino acids and the formation of biologically unavailable amino acid carbohydrate complexes such as Maillard reaction products (Mauron 1981) . Total lysine may be lost during heating but available lysine is depressed even more (Roach et al. 1967) . Veltman et al. (1986) have shown that increased cooking temperature reduces CP content of a SBM treated for rumen escape and decreases amino acids such as lysine, methionine and threonine.
In Expt. II processing did not have any effect on the fibre composition of SBM's and only a small reduction was noticed in the NDF and ADF content of treated RSM's ( Table 2) . Processing reduced the lysine content and availability in RSM's. According to the data of Inborr et al. (1988) , hydrothermal and enzymatic processing decreased the content of lysine and available lysine in barley meal. The same observation was made for processed oats by Nasi (1988, unpublished data) when methods of processing similar to the present experiments were applied. The processing conditions should be optimal for the action of the enzymes, but at the same time care has to be taken to avoid destruction of amino acids and their availability. The digestibility of CP in the different SBM's varied from 0.817 to 0.887, and differed significantly between untreated and enzyme-pretreated SBM (P<0.05). Addition of enzyme to the diet or extrusion of SBM tended to improve both OM and CP digestibility (Table 4 ). Enzymatic processing also improved the OM and ether extract digestibility of SBM (P < 0.05) in Exp. 11, but not of RSM, while hydrothermal processing of RSM increased OM and CP digestibility (P<0.05, Table 5 ). SBM treated for ruminants in order to decrease protein degradability had the same digestibility as normal SBM. This has practical importance, since the same lots of oil seed meals can be used for both ruminants and monogastrics. Addition of enzyme, wet feeding and pretreatment of SBM resulted in higher mean nitrogen retention than diets with other SBM but differences were not significant (P > 0.05, Table 4 ). It is also possible that the addition of enzyme to SBM in wet feeding can have an effect on the barley in the diet and that this is partly responsible for the improved nutrient utilization. A small improvement is achieved by enzyme, mainly (3-glucanase, supplements in barley-based diets (Graham et al. 1986 , Inborr et al. 1988 , Thacker et al. 1988 . Acid resistance of the enzyme supplements in applying direct addition in diet is of great importance because in pig stomach there is very low pH.
It has been well established that the nutritive value of vegetable protein is improved by heat treatment. Industrial applications of heat treatment for feeds are extrusion, toasting, pressure cooking and infrared radiation. With some exceptions heat treatment may result in an increased accessibility of protein to enzymatic attack (Van Der Pol 1990) . Heating primarily inactivates the proteinaceous antinutritive factors in oilseed meals. Improved energy values of the processed oilseed meals found in present study are in agreement with previous studies, in that extrusion has been found to improve organic matter and energy digestibility of grain or grain, SBM and wheat middlings diets (Noland et al. 1976 , Skoch et al. 1983 , Fadel et al. 1988 , Herkelman et al. 1990 .
No affect on the utilization of protein or lysine at the terminal ileum was observed in the study of Herkelman et al. (1990) , while Noland et al. (1976) reported improved protein digestibility following by extrusion in agreement with the present observations. Present finding that enzyme pretreatment of meals and hydrothermal processing of RSM improved ADF and NDF digestibilities is supported by the higher NDF digestibility noticed after pressure cooking (Van Der Pol et al. 1989) . Extrusion or other hydrothermal processes have also resulted in 0.19 more ileal digestion of soluble non-starch polysaccharides (NSP) and 0.13 more lower tract digestion of insoluble NSP (Fadel et al. 1988) .
In this study a mixture of enzymes having several activities was used, while the response of pigs to supplementation of diets with proteolytic enzymes alone has been very poor (review of Dierick (1989) . Only in baby pigs did proteolytic enzymes improve live weight gain and feed conversion (Lewis et al. 1955 , Baker et al. 1956 ). However, Zamora and Veum (1979) found that growing pigs have a greater growth rate and net nitrogen utilization due to improved amino acid availability when heated whole soybeans fermented with some fungi were fed compared with heated unfermented whole soybeans. Pigs do not secrete endogenous enzymes which break down NSP found in most raw materials of plant origin. Degradation of the cell wall matrix and the structural polysaccharides in rapeseed fibre by physical or other means promotes the release of intracellular nutrients in the small intestine for digestion and absorption. The addition of enzyme preparations with cellulolytic and hemicellulolytic activities has improved feed utilization in pigs, but the results have not always been consistent (review of Dierick 1989) . Recently improvements in performance were noted when diets for early-weaned pigs were supplement-T a b l e 5. lase, proteases, P-glucanase and cellulases (Hogeberg et al. 1983, Collier and Hardy 1986 a, b) , indicating that the animals' own digestive enzyme system seems to be limiting in some way. Some antinutritive factors as glucosinolates in rapeseed meal could be eliminated with enzymatic treatments followed by fermentation as reported by Staron (1984) . Dense populations of cellulolytic and pectinolytic anaerobes have been measured in the intestines of pigs fed different diets (Chesson et al. 1985) . This suggests that bacterial fibredegrading capacity in growing pigs may be sufficient to degrade reasonable NSP enabling proper digestion. A component of the response to the treatments may be affected by the age of the experimental pigs. Probably treatment responses would have been greater in piglets as indicated by Inborr and Ogle (1988) .
In the performance trial there were no significant effects of dietary treatments on the average daily gain or the feed conversion ratio (P>0.05, Table 6 ). In this experiment the positive control group was fed a diet containing fish meal protein supplement and a higher protein content. Fish meal is now avoided in the diets of growing pig due to offflavor which are detected in the meat followed by lower eating quality. Formulas have been made using only oilseed meals to supplement protein. The aim of this study was to elucidate which processing methods can improve the value of oilseed meal in pig diets. Extrusion of SBM tended to improve the performance as compared with the group on the normal SBM and gave the same daily gain and FCR as the positive control having a greater protein supply.
This observation is in agreement with the results obtained in the balance trial. In this performance test the enzymatic process had a rather small effect, in contrast to the results obtained in the digestibility trial, but it is possible that during preparation of the feed inactivation of the enzymes occurred. Hydrothermal or enzymatic treatments of barley fibre, a by-product with a high hemicellulose content from intergraded starch-ethanol process, containing diets for growing pigs did not result in improved performance in an earlier study (Nasi 1989 ). Hydrolysis of structural plant polysaccharides is generally of nutritional benefit. The breakdown of the cell walls makes nutrients available which would otherwise be protected from digestive processes. Legume seeds contain specific gel-forming polysaccharides and the destruction of these polysaccharides by hydrothermal processing or the application of enzymes tended to give better performance than feeding untreated material in this study.
Endo-enzymes produce random hydrolysis of linkages within a polysaccharide chain. Cleavage of relatively few linkages rapidly leads to chain shortening and subsequent loss of gel-forming properties (Chesson 1987) . Fekete (1984) has suggested that the greatest benefit from the addition of cellulase to pig diets is an improvement in nitrogen utilization rather than enhanced utilization of fibre.
When only one enzyme activity is added to the diet, the structural polysaccharides in the plant cell wall may remain intact. A multienzyme additive with cellulolytic and proteolytic activities can degrade the polysaccharides more effectively, promoting release of intracellular nutrients in the small intestine for digestion and absorption. This may be more important in younger pigs than those used in the present experiment, since the oligosaccharides, especially raffinose and stachyose of SBM have been reported to cause diarrhea in young pigs.
